Highly precise variational calculations of non-relativistic energies of the (2p 2 ) 3 P e state of Helium atom are presented.We get an upper bound energy E = −0.71050015565678 a.u.,the lowest yet obtained.
Introduction
Multiply excited energy states in atoms have been the subject of many experimental and theoretical investigations. Specially doubly excited states (DES) for neutral helium is particularly important as the DES provide a fundamental testing ground of the accuracy of the theoretical treatment. The review article of Holøien 1 and F ano 2 gives a detailed list of references. A large number of DES of neutral helium can auto-ionize to the continuum above the 1s( 2 S) ground state of He + . Besides, there are also non-auto-ionizing doubly excited states in helium. These exactly quantized DES states decay to the lower excited states through electric dipole interaction giving rise to sharp spectral line. It is worthwhile to mention that relativistically these states may auto-ionize, but the auto-ionization life times are still appreciably longer than the mean radiative life times of the allowed electric dipole transition 1 . Under such circumstances it is necessary to perform very accurate spectroscopic calculation of the (2p 2 ) 3 P e -state of helium. In this article, we propose a method to improve the DES wave function to get not only the best upper bound energy but also rapid convergence with respect to the size of the trial space.
Theory
The rotational invariance of the Hamiltonian makes it possible to express the variational equation of two electrons in the field of a fixed nucleus in terms of three independent variables 13 .The three coordinates are the sides of the triangle formed by the three particles i.e., two electrons and the fixed nucleus. The reduction of the three Eulerian angles, defining the orientation of this triangle in space, from the variational equation is an immediate consequence of the spherical symmetry of the field. For any 3 P -state of even parity arising from two equivalent electrons, the general variational equation (10) 
subject to the normalization condition
The symbols in equation (1) and (2) 
where, η ∼ e −ρr and ρ is the non-linear parameter. The linear coefficients B, C, D along with energy eigenvalue E are determined by matrix diagonalisation method.
Results
The results of our calculation are given in T able1. All calculations were carried out in quadruple precision. The orbital exponents ρ 1 and ρ 2 were optimized using the Nelder − Mead 14 procedure and are given in T able1. 
